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¢ We examined the association between queantitative micro-
biologic results and histopathologic findings In divided bi-
opsy specimens from 200 burned patients. Microbiologic
counts were determined as log,, colony-forming units per
gram ot disrupted tissue, Histopathologic results were scored
on a scale of 1 to 6, values of 4 or greater indicating microbial
invasion of viable tissue. Agreement of 96.1% was found
between negative cultures, arbitrarlly identified as those with
fewer than 5 logs/g, and histologic absence of invasive Intec-
tion. In sharp contrast, however, histologic invasion occurred

“in only 36% of specimens with positive cultures. Though low

tissue counts are sssentially synonymous with negative histo-
togic findings, quantitative microblology is not a diagnostic
substitute for histologic examination, since high tissue counts
quite commonly do not indicate invasion. The principal vaiue
ot quantitative burn-wound biopsies is the demonstration of
predominant burn-wound flora.

(Arch Surg 1987;122:74-76)

he burn wound is the most obvious potential source of

sepsis for the seriously burned patient. Despite im-
provements in antibiotics and the development of topical
antimicrobial burn treatments, burn wounds commonly
become colonized with potentially invasive organisms
derived from both endogenous and exogenous sources.
Management of burned patients after resuscitation and
during the time when wounds are open is, in large part,
guided by observations of the condition of the wound.
Evaluation of the level of control of microbial growth is a
critical facto. ininstituting further steps to prevent or treat
burn-wound sepsis. Sever  uantitative culture techniques
have been proposed as m. ..as of estimating the microbial
density in burn wounds.'® Densities of 10%, 10°, and 10° per
gram of tissue have all been proposed as diagnostic of burn-
wound infection. We exawined the correlation between
quantitutive cultures and disgnostic histologic findings™ in
paired samples from burn-wound biopsy specimens from
200 patients.
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PATIENTS AND METHODS

Biopsy specimens for analysis were selected for each patient on
the basis of their being the first postadmission diagnostic biopsy
specimen submitted for quantitative culture and histologic ex-
amination. The demographic characteristics of the 200 patients
sampled are presented in Table 1. The mortality of 58.5% docu-
ments the severity of injuries in this group. The distribution of
postburn times at which biopsies were performed is presented in
Fig 1. The average time of biopsy was 13 days after injury, and the
median was nine days. Biopsy specimens were divided by the
surgeon; one half was sent to the histology laboratory and the other
to the microbiology laboratory. Histologic examination was per-
formed on sections prepared by a rapid technique,’ and results
were reported within four hours as infection or no infection on the
basis of presence or absence of organisms in viable tissue subjacent
to the burn wound.,” The stage of infection cr colonization was
scored on the following scale: 1, superficial colonizat ion; 2, penetra-
tion of nonviable tissue; 3, growth at viable-nonviuule interface; 4,
microinvasion; 5, florid or generalized invasion; and 6, micro-
vascular invasion. Grades 1 through 3 represent progressive
depths of colonization of nonviable tissue, while grades 4 through 6
represent increasing depth of invasive infection.

Cultures were performed after disruption of the specimens with
Ten-Broeck glass homogenizers using tryptie soy broth as diluent.
The disrupted specimen was sgerially diluted, and organisms were
counted by pour-plate culture using tryptic soy agar. Colonies were
counted after 24 and 48 hours of aerobic incubation at 35°C. The
disrupted sample was also plated for fungus isolated by inoculating
Sabouraud’s agar and incubating for as long as five weeks at room
temperature.

Pearson's correlation coefficient and Spearman’s rank correla-
tion coefficient were calculated from the paired numeric histology
grades and the log,, colony counts of quantitative cultures.

RESULTS

Invasive wound infection was identified in 39 of the 200
biopsy specimens. The distribution of negative and positive
biopsy specimens as a function of the results of quantitative

Table 1.—Characteristics of 200 Patients Undergoing Biopsy
Variable Value
Mean age, y (range) 37 (1-88)
Mean total burn area, % (range) 54.1 (6.8-96.5)
Mean total 3rd-degree burn, % (range) 20.3 (0-86)
Mean postburn day of biopsy (range) 13 (1-88)
Sex, MF 168/32
Mortality, No. (%) 117 (58.5)
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Fig 1.—Frequency distribution of examined burn-wound biopsy
specimens by time after injury.
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culture is presented in Table 2. Analysis of these data
showed a significant correlation (r=.59, P<.05) between
histology grade and log of culture growth. Figure 2 displays
these data as the percentage of positive and negative
histologic findings at each log count. As can be seen, the
greatest correspondence between histology grade and mi-
crobial growth was that between negative histologic find-
ings and low counts. At least half of all biopsy specimens
were histologically negative for infection at all growth levels
less than 10° organisms per gram.

In an attempt to analyze the data further, we used a
frequently quoted yet arbitrary level of 10° organisms per
gram to assign the biopsy specimens to culture-positive and
culture-negative sets. These two populations were then
examined for the frequency of positive and negative histo-
logic findings. Again, the most comprehensive statement
that can be made is that negative histologic findings agreed
with growth of less than 5 log units 96.1% of the time (Table
3). Inless than 40% of cases was there a histologic diagnosis
of infection when the culture density was 10° organisms per
gram or higher. Changing the density of organisms defining
infection to either 10* or 10° per gram of tissue did not
influence the disparity.

The histologic findings of organisms seen causing the 39
wound infections were next compared with the types of
organism cultured. There were 29 cases of invasive infection
due to gram-negative bacilli, two cases of invasive infection
due to gram-positive cocci, and eight cases of invasive
fungal infection. Culture results agreed with all histo-
logically diagnosed bacterial infections and five of eight
histologically diagnosed fungal infections (Table 4), for an
overall accuracy of 92%.

COMMENT

The purpose of this study was to determine the extent to
which guantitative cultures of burn-wound biopsy spec-
imens are consistent with histologic diagnoses of invasive
wound infection>As logic predicts, Tow levels of microbial
growth in tissue were associated with negative histologic
findings. Only four instances of invasive wound infection

Arch Surg—Vol 122, Jan 1987
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Fig 2.—Frequency of negative and positive histologic findings in
burn-wound biopsy specimens by quantitative culture results (log,,
organisms per gram).

Table 2.—Quantitative Biopsy Results vs Histopathologic

Findings
Hlatopntlﬁognc Finding

Log Count* Negative Positive Total
<1 61 1 82

1 2 0
2 1 0 1
3 6 1 7
4 18 2 20
5 10 3 13
6 16 13 20
7 15 5 20
8 21 1 32
9 1 3 4
Total 161 39 200

*Log,, organisms per gram.

Table 3.—Positive Culture* vs Positive Histopathologic
Findings

Histopathologic Finding, %

Culture Negative Positive Total
Negative 96.1 39 100.0
Positive 64.3 357 100.0
Total 80.5 19.5 100.0

*Culture positivity based on an arbitrary criterion of 10* organisms per
gram. )

occurred in 102 specimens with microbial densities of less
than 10° organisms per gram; two of these infections were
fungal. The antinomy is that high levels of microbial growth
were more often associated with negative histologic find-
ings indicative of bacterial growth in nonviable tissue than
with invasive wound infection. Thus, it appears that histo-
logic and microbiologic diagnostic techniques yield equiva-
lent information in clean wounds, but that there is no
microbial density that, taken alone, permits the diagnosis of
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Table 4.—Histopathologic Findings and Organisms Cultured
Histopathologic Organism No. of
Finding Cultured Cases

Gram-negative rods Pseudomonas aeruginosa 22

Klebsiella pneumoniae 4

Pseudomonas fluorescens 1

Providencia stuartii 1

Serratia rarcescens 1

Total 29

Gram-positive coccl Staphylococcus aureus 2

Filamentous fungi Aspergillus species 2

Fusarlum species 2

Rhizopus species 1

None* 3

Total 8

*Not diagnosed by culture.

- invasive wound infection. At most, a high density indicates

the need for histologic examination. Clearly, these findings
indicate that diagnoses of burn-wound infection and thera-
peutic interventions based on quantitative microbiologic
techniques suffer a lack of specificity.

The good agreement between the histologic and micro-
biologic identifications of infecting organisms shows that
cultures should be viewed as an adjunct to histologic
examination of a burn-wound biopsy specimen. In the usual
clinical situation, therapy for invasive infection is instituted
before the results are available. Despite the 24 to 48 hours
required to obtain the information, such cultures do provide
useful species identifications and information concerning
antibiotic and chemotherapeutic sensitivity of the invading
organisms. Such qualitative information, however, may not
necessarily require quantitative culture technique,
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Discussion

CHarLEs E. HaArTrorDp, MD, Chester, Pa: It has been my long-
standing contention that the results of burn-wound biopsy quan-
titative culture bear no relationship to the clinical condition of the
patient and that the resuits of the quantitative count are of no value
in managing a patient. Therefore, 1 wish to thank the authors for
bringing to our attention additional information that drives yet
another nail into the coffin of this test,
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On the other hand, I concur that the histologic examination of
subeschar tissue to determine the presence or absence of invasive
infection is cf value. This is a reaffirmation of a recominendation
made by Pruitt and Foley’ in 1973, The material in this report is
well presented by Dr McManus and his cohorts, not overin-
terpreted, and the conclusions are appropriate; so I will provide
the overinterpretation.

From a historical perspective, one might theoretically consider
that microbial counts or microbial densities would have value in
predicting burn-wound sepsis. However, the information that
substantiates this has not been forthcoming.

It is critically important to correlate bacterial counts with the
clinical condition of the patient. However, although not specifically
stated in the report, I assume that the reason for performing the
biopsy was because the patient was clinically ill from sepsis. If that
isin fact the case, and one uses 10° or 100 000 organisms per gram of
tissue as the critical point, then one half of the bacterial counts
were positive and one half were negative, and one cannot draw
conclusions from this kind of a result.

We looked at this issue as a function of postburn time. We studied
a group of patients at high risk for burn-wound infection and
systematically did quantitative counts. This display shows that by
the end of the first postburn week 80% of the patients had the
clinical manifestations of sepsis, but only 15% of them had positive
wound biopsy quantitative counts. This relationship has a high
degree of statistical significance, with a P value of 5x107%,
indicating that the presence of clinical sepsis and a positive biopsy
specimen during the first week are not related. The same rela-
tionship holds during the second week, but our data suggest that
during the third or fourth week there may be a relationship
between the clinical condition of the patient and a positive biopsy
specimen. Those who advocate the use of quantitative counts
maintain that the usefulness of this test is diminished by this time.

There are causes for sepsis in the burned patient other than the
wound, and we looked at those patients with inhalation injury. If
one separates out those patients with inhalation injury, one would
conclude that the major source of sepsis would be the wound. We
did quantitative counts in those patients and could also find no
difference between those who were septic and those who were not.

I would like to ask Dr McManus to comment on the indications for
biopsy, how the sites were chosen, and to describe the patient’s
clinical condition in reference to the results of not only the
quantitative counts but also the histologic results.

Davip AHrENHOLZ, MD, St Paul: I would like to echo Dr
Hurtford’s questions regarding indications for wound biopsy and
ask what the correlation was between clinical sepsis, as evidenced
by changes in mental status, hypotension, oliguria, decreasing
platelet count, hypogiycemia, and so forth, and results of the
burn-wound biopsy. Also, did you begin treatment with antibiotics
in patients with positive biopsy specimens who were clinically
stable?

Dr McManNus: As I said, these were 200 patients and 200
biopsies, one biopsy performed in each patient. There was no
prospective analysis of any patient by use of serial biopsies. I
showed you that the mortality for this group was 58%, which
indicates that these were serious burns. All of the biopsy spec-
imens presented were for diagnosis. Patients were septic or
considered to be questionably septic at the time of biopsy.

The purpose of this was to evaluate these two laboratory tests.
We did look at mortality as a function of positive histologic or
culture findings as a bottom line. The patients who had positive
pathologic findings had a significant increase in mortality com-
pared with patients who did not have positive findings. However, in
patients who had a positive culture based on 10* or 10° or 10°
organisms, th/e;mngcorrelatlon with survival,
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